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Rainbow Fibres 

The present invention relates to fibres having a number of 
-coloured- fluorescent stripes or regions -that- are:; visible only 
:5' under-'-ultira-'violiBt light . The preseht invention = also --relates 

- ^yto paper prbducts incorporating such -..fibres.- 

v.- ... • - 

It is known to provide a niomber of paper products, such as 
bank n6tes> checjues, passports, -identity papers, and fiduciary 
10 papers, with some form of counterfeit protection. A niamber 
of counterfeit protection measures are known in the art. 
They include watermarks, holograms, the provision of metallic 
strips through the paper, the use of fluorescent particles 
and the use of optically variable inks and coatings; 

Problems with known counterfeit protection measuriss include 
; the expense <)^f- some options and the^ ease .with which-r^some 

- ' bptionis ' can be overcome, for example by utilizixigyiaethods 
^ ^ ? inScliidiin^g ^dig : pr in ting scanning f?/^hpfc^ 

20 and - xerbgraphy • Another problem iis :the .dif f icultyvr in - raising 
' -^ipubiac^ awareness- of some , of the measures, /: especially^ in i 
relatibn^-tb' bou^^ bank notes- . . 



^^^ ^'^-'it'?^^!;® a the presents invention .to ,,provide:v:a - 

25 alternative means'^ of providing counterfeit protection v that 

addresses at least some of the above-mentioned problems. 
■ — ■• '^V- '-Mtr-t - v-i.- -'- . ; ■ . : . r - * . .. . I.-.:-.;:. - 

■ The present invention provides a fibre having a front side 
and a rear side and having a plurality .of striped r:egibns 

30 printed on said front and rear sides, wherein said striped 
regions are coloured and the colours are visible only under 
ultra-violet light, said stripes including stripes having two 
or more colours. The stripes may include stripeis having at 
least three colours. In one embodiment, four colours are 
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used. The colours may include at least some of red, yellow, 
blue and green, 
t- V • ' ' ' •.■ - • .; . ... 

~ The fibre: may comprise only two, stripes, with each stripe 
5 having a different colour. In onfer.embodimeht ^of ; ^t^ 

invention, two . stripes are provided with each covering half 
of the fibre. 

^ .- The /stripes are preferably printed , on the front , and r 
10 sides of the fibre such that stripes on the front and rear 
sides are in register with one another and have the same 
colour. This ensures that, if the fibres are incorporated 
into a paper product, the printed stripes will be visible, 
given the appropriate light conditions, regardless of the 
15 orientation of the fibre in the paper product. 

- I*hic>ne- preferredj embodiment^ the stripes abut c^^^ 
3;With^no.^oVeriajp ofi colour at; the boundaries of?: the r stripes. 
/:^^Thej pigments^ used^ f generating the ^printed stjripes do not 
.:20 generally ^cbmbine ^ w^ hence the desire to preyent : the , 

pririted^ stripes. ^rom-overlappihgt.:Vf Further, • if^:^e-f ibres are 
iricorporalied intb a paper produqtv^^the - provision t pf a. 
fluorescent printed stripes that, abut against one another 
exactly^^tesults ±ri ::a-pattern:^5that :l;Si^difficulfetQfrepM 
. 25 thereby>'d£fering>)good:.c -o- 

The stripes may be placed at about 1mm gradations. The width 
of the stripes can be more or less than Iram, but- it has been 
found that Imm results in a particularly effective optical 
30 effect when. the fibres are incorporated into a paper product. 
Hence/ a width of the order of 1mm (0.5 to 1.5- mm) may 
advantageously be chosen since it offers good counterfeit 
protection. 
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.. The diinensiohs of > the f ibres - themselves can' be ^varied. -- 1 
Typical- lengths :that. have been msed aire 3iiiiti> 4njm, 5nini/'^ 6nim, 
Irm, 8nim, 9inm and -lOmmv^ iTypical widths that have - been -used 
are 0vi25nuair:f,0.15inm^^.pv2im 0.3tam, 0 . 35inm; 0 ; 4inin, 

5 - •• Q. 45mm.-:and •'OvSimo';.-;;.:^^ ' i^^? '^i: . 5Cii*.-A:-.-^ . .}^i,j.ii^i:^4'-s.irv:>''iS9':. '. 'rj- 

The fibre may; be tissue: papfer or. an alternative thin' paper . 
; The. paper.; may-^be provided Vwithout optical' brightehers . 
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The present invention also provides a fibre having a f ront*>i 
side and a rear side and having a plurality of regions 
printed on said front and rear sides, wherein said regions 
are coloured and the colours are visible only under ultra- 
violet light. ; 

The regions may include regions haying two colours. The 
. ?.it>re inay.:cqmpris& 
a different colour. In one embodiment of the invention; two 
regipnss are pirovided-with each^; covering ; half ^f f tJiei:^iiirj^ i; i 



The -regions may include regions 7. having I at • leastv threevi .-ii: 
colours. In one .preferred embodiment, the regions include 

<5>. regions having . at ^deast .^f our- c^^ jhev. Golours.v*iaayJ-^ 

a incaude ;>at lea:St:;:Spme:»of^ 

The: regions are .preferably printed.: oh the front and rear 
. sides of the fibre such that .regrlons on the front and rear 
sides are in?. register with one . another and have the same 
colour. This ensures that/ . if vthe fibres are incorporated 
into a paper product, the printed regions will be visible, 
given the appropriate light conditions, regardless of the 
orientation of the fibre in the .paper, product. 
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The- regions may abut one another with rio overlap of colour at 
the r boundaries.' of the - regions; > As. noted above, - the Cpigments 
^lused for. generating' {the printed regions do .hot generally 
combine, well, henbe the diesire to. prevent the pr^ihted iregions 
5 froia overlapping. Further, if the fibres: are :^iricorp6rafc^d'^' 
into a paper product, the provision of fluoriescent printed 
: . regions that abut against one another exactly? reisults' in a 
pattern that is difficult to replicate, thereby offering good 
cpunterfeit protection* 

The printed regions may: be arranged in a pseudo-random 
pattern, which may be computer generated. This increases the 
counterfeit protection of a paper product incorporating such 
a fibre . 

The fibre may be tissue paper or an alternative thin paper. 
■: . The ; paper may * be provided . without iopy.cal b 

The;; printed is tripes or regions ma^y appear 

to ' pattern, for example by providing stripes that appeiar in tHe 
same : order 4 : : The fibre . may: be;o cut ^^^f rom a ^Largei^ fibre For 
example/^: a. long fibre . h£nring-;a:^^epeatipgKpattern of^^printed 
Stripes i.pr; iregions may be i cut -into iva - nuit^ 
fibres rL0These:>smaller f ibre^^may^be^^xcut >iri^:a iandbmi or - 

25 pseudo-random fashion so that the pattern of printed stripes 
or regions in each fibre starts and finishes in a.^ different 
place. The i effect of cutting the fibres >in this manner is to 
provide a number of different fibres that can be used to 
• create >an . unpredictable pattern when incorporated into a 

30 paper product. The provision of a plurality of. fibres in a. 
paper product, each fibre having a series of stripes or 
regions starting in a different position can result in an 
overall pattern that is unpredictable and difficult to 
replicate, yet relatively straightforward to describe. 
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A fibre in acQorcLance with the preiseht invention may h^ve a 
layer of varnish apELlied tp- the outer surface of the ^ibre. 
The .provision ot ^a layer * of . Varnish > may bie applied- to' 
the. printed stripes Ji^^^ abrasioii and/drXto ^ 

iinproye;;.the affinity of: the -fibres with a a paper product ft into 
which the fibre -is incorporated^ii / .. . . 

The present invention also provides a method of manufacturing 
a fibre, the method comprising the steps of printing a 
plurality of striped regions on .front and rear sides of the 
fibre, wherein said striped regions are coloured and the 
colours are visible only under ultra-violet light, said 
stripes including stripes having two or more colours v iThe 
stripes may include stripies having three . or more .colours • Ih 
one embodiment, the stripes include four colours . : The 
, colpurs may include -at least some of red, yellow, bluerfand 
green. 

The fibre manufactured by the ^present -^invention may CQn^rise-^ 
^^ : jpnli^ ^t;Wo s t r ipesv < wi tK veach stripe ^?haviiig m dif f er eht ^cd idxir . 
In r one embodiment.. iof the;";inventibn/:^t 
.^f with each covering half of the fibre. . .:^f»tcb v 

25 tji^Wi^i steR of printing said pluraldty/^xi^. -striped regions^ i;^-:' 
preferably, inc step iof printing on the front arid 

rear sides of the fibre such that stripes on the front and 
rear sides are rin, register, with one another and have : the' same 
4v -colour. This .ensur<BS that, if -the f ibres are incorpbrated 
30 into a paper product, the printed regions will be visible, 
: given; the appropriate light conditions, regardless of- the 
orientation of the fibre in the paper product. 
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The Stripes may abut one another with no overlap of colour at 
A , the' boundaries ' of the-;.stripes. '^ii As rioted ^above; the/^ pi gnteht^^ 
- used-fbr generating the * printed 'stripes do • not geriei?ally 
- combing well , hende • the i desires to^ prevent : the ptihi^ed - Stripes 
5 : f rom pyerlappinig ; E^^th^er j;^-^^^^ 

, into a paper product, the (provision of f luorescent printed 
stripes that abut against one- another exactly results in a 
pattern that is difficult to replicate, thereby of feringgbbd 
: counterfeit protection. - . / . : V . ^ 

; The stripes may be placed at about linm gradations. The width 
of the stripes can be more or less than 1mm, but it has been 
found that 1mm results in a particularly effective optical 
effect when the fibres are incorporated into a paper product. 
15 Hence , a - width of the order of 1mm ( 0 . 5 to 1 . 5 mm) - may - ^ 
advantageously. be chosen - since it of f ers good ebuhterf eit 

.:w^'prOteGtion..- Lj: _■ ..JijIu.. 4^- -'^-^C.:'. /veJ^u^V * ' ' . .. 

The dimensions of the fibres themselves can be varied. 
20^- ; -Typical . lengths that bave^ been uised^are 3mm, 4mmv ' 5iim/ 
V. iK^^v^MiainiA^'QitEaii: ::9iimi : and AlOinm;^ ..t^hTypical^i'^'Wid^^^ that have ^Beeii used 

>S^.^re.vp.^l25nimvT:0 0;2ram;t^dv2^SiiW;t Ov3i^^ COyAvmi . 

^ ■ pv45inm and OiSmm.. ' . -^^.^ - , -tj^^- 

25 The> .fibre may^ be* -^t issued paper^ or^»^ar^^ . 
The paper may be provided without optical brightehers. 

' . - ^-w*^ •- •H.:-'t *^ ' ' 

- v. The^ present invention further provides a method of 

: manufacturing a fibre, the method comprising the steps of 
30 printing a plurality of regions on front and rear sides of 

said fibre, wherein said regions, are coloured and the 'colours 

are visible only under ultra-violet light . 
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The regions may include regions having at least two colours. 
^In .one^^^^^^^^^ the regions include '"regibris^^ 

having* -at least if our colours V The colours . may inelude at 
least some of red> yellow, blue and green. 

A V The f ibre mariufactiired may comprise only two ;:>regidns>^w 
. reach tregion thavihg a different colour. ' In bne embodiment of 
: the iiiVention; -two regions are prdvided with ;each cbvering 

U^- halt'^cof ^-^he^^f ibre;. V ' =-v* ^v.. -i..^.., :- v. . 

' The regions are preferably printed on the front and rear. 

sides of the fibre such that regions on the front and rear 
^sides are in register with one another and have the same 

colour. \-This ^ensures that/ if the fibres are incorporated 
15 into dV^paper product, the printed regions will l^ b^^ 

given the :;appropriate light conditions, regardless of thie 

voriehtation ^bf nthe fibre in paper ^product. _ . :: if:;^ „ 

The^^^QnoTis i*iay ^aKiit ^ one ; anotWsr wi^li t no :Toy^i:iap ?of d^5^ 
20 the boundaries of the regions; '- As noted aboirey^^thte: p 

used for generating the printed regions do hot generially 
combing -^well ,^ ^henpe ^i4:he desire to .prevent tfte printed regions 
f rc&( Sverlappiiig 
: jj^ivlhtxf^^ tlie^^provi^ldnuyf ?:fiubr^ 

is^^^iregibris^nthat abut a against one another, exactly result in) a 

! pattern that ^ is 3^difficult to replicate, thereby voffering- good 
counterfeit protection. ' * — * ^ ' ' 

• ^ : The printed regions "are preferably arranged in a pseudo- 

30 random pattern which may be computer generated. This - * 

increases the counterfeit protection of a paper .product 

incorporating such a fibre. 
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The f ibre may -be -tissue paper or an alternative thin p^per . 
The paper may berpirovided without optical brighteners. ^ 

5 The printed stripes or regions may appear in a repeating f 
pattern/; for . example . by: providing stripes that appear in the 
same order The fibre may be cut from a larger fibre. For 
example^ a long fibre haying a repeating pattern of printed 
stripes or regions may be cut into a. number o£. smaller t . 

10 fibres. These smaller fibres may be cut in a random fashioii 
so that the pattern of printed stripes or regions in each 
fibre starts and finishes in a different place. The effect 
of cutting the fibres in this manner is to provide a. number 
r of different fibres that can be used to create an : • 

15 unpredictable pattern when incorporated into a paper products 
The provision of a plurality of fibres. in a paper product, 

each fibre haying a series, lof str^^^ or-;regions starting in 

a. different position can result in an overall pattern that is 
f - Hunpredi c table .and: difficultrt^ 

2(X;r;:^traight forward to -describe^: , . n ^ 

? no i-iThe method of; manufaqturing .a Vfibre may includes 

Iv^applying , a layerv^f [ garnish iA:o stlie^^^ y^^aurf ace ^ of the 1/ 
^^ihxe:. Th0 appli/catdon iof :=a;i!ljayer qf -yamish ^^protecbs ithe 
25 printed ^strip^es^ror; regipns against ^abrasion and may be ^is^ci;:^^; 
to, improve the affinity jof: the fibres with a paper product 
into which the fibre is incorporated. . 

The present invention, also provides a method of manufacturing 
30 a paper product^ the method comprising the steps of mixing 
any of fibres described above with .slurry paper pulp such 
that the fibres form a hydrogen bond with the cellulose fibre 
in the paper pulp and forming the paper pulp and fibre mix 
into a continuous web of paper. 
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The present -invent ion further; provides, a paper .product- 
containing a plurality- of :the f ibres described -abpv^^. ->: 

5 By way of --'^example only; embodiments of the.; present:^ 

will now be ^described with reference to the accpmpanying 
drawings, of which: 

..Figure 1 shows a fibre in accordance .with a. fir?^^^^^^ .embbdiment 
10 of the'^i^nvehtion; : i 

r Figure 2 shows a fibre in accordance with a second embodiment 
of the present inventionw 

Figure 1 shows a fibre / indicated generally, by the reference 
15 numeral 2, in accordance with a first embodiment of the 

present invention. . The fibre 2 includes stripes 4, .6, 8, 10 
and -12 each extending across the width of the fibre; , the „ „ 
stripes are each Imm long and the series of stripes extends 
■ >-'acr^^^^':tKe'i^leng v.-.^ vv". . 

The fibife- shown in . Figure d is :5ram long and :0* 2 iran wide but 
other dimensiohis ^^are impossible . ; *: rrc. r^: -v^ t 

^ > Each strlp^nhas a of lubjc^scent- trcolourin 

25^^' und^r ultra-violet : light . =4 i Each fibre includes stripes .^ha^ing 
at least two differentia colours/ such as red, yellow, ;«bl.ue and 
green: In one embodiment /the colours are visible. when 
ultraviolet light having a wavelength between. 24 5nm and 365nm 
is shone at the fibre. In. any , particular embodiment, .and for 

30 any particular colour, the wavelengths at which the colours 
are visible are dependent on the pigments used to -generate 
the prints. 
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The coloured stripes are printed on both sides of the fibre 
and' -^re> exactly in register such that each colour- ap^^ 
exactly • over the corresponding colour on the . other^: side,, of 
the fibre. Further, the coloured stripes abut one another 

5 : *^such?that thfere' is no^ overlap of colours at^r.thei^^Doto^ 
'th^-^stxipfes-i "y . ■^^•7^^: - v-.--. . ^ -.^^c • 

The fibres are produced so that the coloured stripes appear 
" - a?n-fche same order in ::a^ repeating: pattern ^ , .Hpweyferv tj]^^ ar:ray 
10 of stripes starts and finishes in a random orvpseudor-ra^^ 

fsEshidri so that the fibres differ from one another; ; In the 
manufacturing process, the fibres are cut to the saime length 
(e.g. 3mm, 5rom or Gram depending on the length chosen) but the 
fibres are presented : to the cutting equipment such that the 
15 cut appears at different positions relative. to the repeated 

printing pattern > thereby producing a randpim or pseudo-random 

In a variant of the f irst ^^^^ embodiment of the; ipveri^ 
20 two stripes are provided on the fibre, with eiicti stripe 

' ' havih^^a ?d£f f erent^Ncolour : In a .further variantv; two/^isfcriipes 
are provided with each covering half :^ of the :-fibre.-.,.;^ 

25^'^* rnum^ral^'14^-' in a . a sedond eiobodiment , of 

- present inventions The f ibre 2 includes regions v 16 ^; 18 , 20, 
22-^and 24 ' arranged in a' pseudo-^ random fashion on the ^ fibre • 
The t^attern of the 'regions is generated, by a computer program 
such that each pattern is different. 

30 

As with the stripes of the first embodiment, each region has 
a fluorescent colouring that is only visible under ultra- 
violet light. Each fibre includes regions having different 
colours, such as red, yellow, blue and green. As before, the 
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: Vcblourst may be visible, when ultraviolet lig a > 

wavelength between 245nm and 365nm is shone at the fibr^. 

vi- As in the -first embodiment r the coloured regions are-iprinteid 
_on both sides of the fibre arid are- exactly, in regiistier^^such 

;.-that each colour appears exactly over the eorrespohding- 

colour on the other side of the fibre* Further, the :Cploured 
stripes abut one another such that there is noipveriap of 
colours at t:he boundary of the regions. : ^ 

.In addition tto the pseudo-random nature of the printed 
patterns r the fibres are cut in a random or pseudo-random 
fashion in a similar manner to the fibres of the first 
embodiment . 

The regions. may include regions having only two different 
i™^cQ3.ours^- . onewvariarit :Q3^ 

invention, only two regions are provided, with each ^ region ; 
haying a different colour. In a further variant, two; regions, 
^■V3=:are^jprovided>wLth i\ei^ ' - 

ill,. The .fibres: of theembcidimentS; of -the invention described 
i5.^aboye^ are; manufactured frbm^ tissue^ or; ithinni>aper^ without 
>o{iticalixbr^5rhteniers^^^ 

high wet strength tissue paper with a nominal basis weight of 
2 5; grams per. square -metre i'.^T^ substance-of the paper: is 
nsignificant.vsince the: ability to print oand cut. a thin 
material provides a technical barrier to duplicating, the 
fibres • 

Fibres in accordance with the present invention have been 
. manufactured using paper having the properties listed below. 
These properties have been developed with the intention of 
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providing a if ibre that works well but/ are only :one :^xample, 
;^tiiie^ papers bbuld be usedi ^ ^ >r v-^r ^ V f V i:* 

- 1:^7 Properties U^ts . MTn-inntm ^ j ifav>4^ ^ Average 

-r^liSubstanqe 1 : v ; g/m?- v . .15 / d ,24 .8 

Lemm; capillary ^ mm . - 16 v rr 17> :v;v7^^^ 16,6 

..i ^climb md . :v ? • • . .:. . ^ -..t 

. rWetrvtensilev^ j N/lSinm 4 ;v5:v^n> - . r. 5v9 7 ^r? : 5.14 

strength ; . . . ^ 



2.46 



Bulk CmVg 2.4 2.5 

High porosity : \ 1/mn/lOOcm^ :24 r 31:2! ■ . 27.9 

Humidity % 4.9 vv 7.0 4.98 

pH of aqueous . " -v : . .. . 6\i 8 

extract . ^ - . ... 



5 In addition; the target. Bens ten ; porosity (defined -iby ISO 

_: standarxl -S^ajS/ai/^^ na/mm,. J:he:^m±nim\am fi^ 

^3^?5?X)Pimi/mm :-<:yi;v^-* • , :::r^sr:>^>.-= >vk=. ^^w-.;>- , :xvv 

In one embodiment :of : the invention/:; four:; different: col oured^^ 
10 stripes or regions are used; those colours are red/ yellow, 

grreen ^and blUe^jz-iTls noted vabovey . the i^pol onto 
theiifibre;r/3SuitaLble: product s^^ tihisr^printing.^pkc>6 
. :^';vbe!en ^devi^ic>ped :^from^jGQmmeix:iailyiJ5avail^ 

15 r Each of the red/- yellow green and blue prints vinrthe* range 
has:,a ^minimum Blue Wool lightfastness: of 3, van .excitation 
wavelength in-: the region of 365nm and good chemical o: . 
resistance. 



20 As noted above^- fibres in accordance with the present 

invention can be incorporated into a paper product^ such as a 
bank note, as a counterfeit protection' device. 
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Paper products in accordance with the present invention are 
'made by "mixing slurry psfper pulp with the fibres of .the" 
present invention: The fibres l^jof the present invention form 
a hydrogen bond with the cellulpse fibres in the paper pulp 
5 and when the ?pulp is formed int6 a ^cpntinubus web of -paper , 
the fibres in the pulp become an integral part of the web or 
sheet of paper. The coloured stripes or regions of .the 
'fibres can only be seen under ultra-violet light, thereby 
^ providing a security feature that cannot be .seen in , normal 
10 light conditions. 

The substance of the fibres that are mixed with the slurry 
paper pulp are important since the use of a thin material 
improves the affinity of the fibres within the formed web of 
15 paper; This affinity can also be assisted by using a 

material with a high porosity. Furthermore a material with 
-->^a-high wet tensile- strength is-ah advantage since . this : will 
reduce the likelihood of - the ^nateria^^ during 
the paper production process. 
20^' ' * =J -■• ■ -." v/r^ .>p.i-i^^:^'^'.i'::-..c..' ."t^^ a^-i^.>'i. .' 

Before :the fibres of the present invention are mixed with the 
: ^^pa^^ ^fibres are coated with a varnish: . The varnish 

^'pifdtectS: thfe?^ the 
^^^f £init^ fibres in^^WevifiiiisHied '■pap&x^<:^ In: one sv-r 

25 embodiment r the varnish uised is a 4% solution of Solvitose NX 
in * aHrylic^ water baised bindisr that is applied to both sides 
'of tti&'^ikfjiXT^dii matierial. , > • t v 

In the embodiments of the invention described above, the 
30 print is applied to both sides of the fibre. This is 
advantageous since, in this finished paper product, the 
orientation of each individual fibre is unknown. If both 
sides of the fibre include the print, this will be visible 
regardless of which side is facing upwards. 
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The printed stripes or regions al>,ut one another and do not 
'overlap^ Further > the pigments are selected so ;that there is 
' no migration of colours -into one ^smother- and; no leeching or 
5 - migration , of the pigments intoi . 

The. fibres incorporated into paper products are not visible 
. in ordinary light conditions ivr Thus, the normal appearance of 
the paper product is not affected,, by the^incorporation . of the 
10 fibres into the paper . 

The fibres according to the first embodiment-of the invention 
are cut in different places to provide a range of different 
fibres and those fibres are incorporated into the paper in a 
15 range of different orientations -and at different depths in 
'■ -the paper. The resulting pattern, when viewed under 
I J. lappiropriate light conditions is. y.ery . dif f icultv.^^^^^^^ replicate 
> and hence rprovideis good -counterfeit protection 

20 Further, fibres in accordance with the second embodiment of* 
t .K- v thei invention have the: added^lfeafe^^ ^of .;pseudot;rando^ 

^pkttetns ;^'6n the fibres to add an; extra degree bf^randomness 
V to the *iOpticalL effect V on; the use •-,,This:-extr^^^ 
makes ^ it even * more :vdi f f ibul t'> to repl icate -fche ppticai effect i 

In addition to being difficult to replicate, the; optical 
effect is striking and relatively easy to describe to the 
general public • 
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